Medullary hemorrhage is rare, and the causative role of hypertension still remains controversial. Cavernous angioma and other vascular malformations have been reported to cause medullary hemorrhage. A 53-year-old man was admitted to our hospital for vertigo. Medullary hemorrhage and multiple small hypointense lesions were detected on T2-star weighted magnetic resonance imaging (T2*W MRI). One and four months later, the appearance of new lesions confirmed the diagnosis of cerebral cavernous angioma. Cavernous angioma is often characterized by de novo appearance/progression on MRI. A follow-up MRI is required to diagnose cavernous angioma in patients with medullary hemorrhage.
Introduction
Medullary hemorrhage is a rare event with poorly defined epidemiology (1) (2) (3) (4) (5) . Medullary hemorrhage has been reported to occur in the young and elderly (1, 3, 6) , as pointed out by Cantu et al., "medullary hemorrhage has no age predilection" (1) . Interestingly, the causative role of hypertension is controversial, and vascular malformations are often detected in patients with medullary hemorrhage (4, 5) , with cavernous angioma being a representative disease (1, 7) . However, cavernous angiomas are rarely detected on angiography, called "occult vascular malformations" (8, 9) . Rather, these angiomas are found on magnetic resonance imaging (MRI), including T2-star weighted (T2*W) sequences (9, 10) . Before the development of MRI, cavernous angiomas may have been overlooked in cases of idiopathic medullary hemorrhage. In this report, we present a rare case of idiopathic medullary hemorrhage later found to be caused by a cavernous angioma.
Case Report
A 53-year-old man with well-controlled hypertension was admitted to our hospital for the sudden onset of vertigo and gait disturbance. A physical examination showed normal vital signs, except for high blood pressure (190/81 mmHg). A neurological examination showed vertigo, mild dysphagia, hiccups, mild left hemiparesis and dysesthesia on the right side of the patient's body, including his face. Brain computed tomography (CT) and T2*W MRI showed hemorrhage in the medulla oblongata, which explained these symptoms (Fig. 1A, B) . In addition, T2*W MRI revealed multiple small hypointense lesions in other areas, namely the cerebellar hemisphere, pons and middle cerebellar peduncle (Fig. 1C) . These lesions were observed only on T2*W MRI and exhibited features suggestive of cerebral microbleeds. Fluid-attenuated inversion recovery (FLAIR) imaging showed no leukoaraiosis, and magnetic resonance angiography (MRA) demonstrated no evidence of vascular malformation. Laboratory testing disclosed the following findings: hemoglobin: 11.7 g/dL, platelet count: 24.8×10 4 / μL, blood urea nitrogen: 11.3 mg/dL, creatinine: 0.82 g/dL, One month later, follow-up MRI showed the detailed appearance of a cerebral microbleed-like lesion (Fig. 2) . Four months later, another obvious lesion was detected in the midbrain tegmentum (Fig. 3) , which subsequently ruptured 18 months later (Figure not shown) . Nine months later, the patient presented with a high level of plasma transforming growth factor β1 (TGF-β1: 4.26 ng/mL; normal range: 0.89±1.80 ng/mL); the plasma vascular endothelial growth factor (VEGF) level was 5.09 pg/mL (normal control: <38.3 pg/mL).
Discussion
Medullary hemorrhage is a rare event, and its epidemiology is not well known (1) (2) (3) (4) (5) . In the present case, the etiology of medullary hemorrhage was unclear on initial MRI.
However, the appearance of two lesions allowed for the diagnosis of multiple cavernous angiomas (Fig. 2, 3) . The medullary hemorrhage was possibly caused by the rupture of an angioma in the medulla oblongata, although MRI was not performed before the event. Cavernous angioma is often characterized by de novo appearance/progression on MRI.
MRI has diagnostic utility. Zabramski et al. radiologically classified typical cavernous angioma [Table (11) ]. According to this classification, the lesion (Fig. 2) in this case is a type I cavernous angioma, and the hypointense rim is considered to be the result of hemosiderin or iron deposition. Another lesion (Fig. 3) is difficult to classify because its shape changed on each MRI scan; this lesion ruptured after 18 months. Brainstem cavernous angioma carries a higher risk of bleeding and rebleeding than supratentorial cavernous angioma, and over 60% of midbrain cavernous angiomas are detected in the midbrain tegmentum (12) .
The presence of multiple small hypointense lesions on initial T2*W MRI (Fig. 1C, arrows) may be retrospectively diagnosed as type IV cavernous angiomas. Using T2*W MRI is important because type IV lesions are detectable only on T2*W MRI. In addition, it is easier to identify cav- ernous angiomas on T2*W MRI than on T1W or T2W MRI (9, 10) . The use of standard MRI without T2*W sequences increases the potential for overlooking lesions.
However, the identification of type IV cavernous angioma is associated with several problems, as small hypointense lesions on T2*W MRI may also be diagnosed as cerebral microbleeds, which are primarily caused by hypertension or amyloid angiopathy. Furthermore, hypertension or amyloid angiopathy should be considered in the differential diagnosis because these conditions frequently result in intracranial hemorrhage.
Distinguishing microbleeds and type IV cavernous angiomas is difficult, as cavernous angiomas sometimes mimic microbleeds (13) . The diagnosis of cerebral microbleeds often depends on the age of the patient and the distribution of the lesion. The current patient was too young for the development of amyloid angiopathy. In addition, his hypertension was well controlled, and MRI showed neither microbleeds in the basal ganglia nor small-vessel changes in the deep white matter. Moreover, there was no evidence of hypertensive changes, such as retinopathy or left ventricular hypertrophy.
The pathophysiology underlying the rare occurrence of hypertensive medullary hemorrhage has yet to be elucidated. Anatomically, hypertensive intracranial hemorrhage is explained by the rupture of microaneurysms, as observed in the basal ganglia, pons or cerebellum (14) . However, autopsy studies have demonstrated the absence of microaneurysms in the medulla oblongata in such cases (14, 15) . These results suggest that the arteries that supply medulla oblongata are less affected by hypertension than those in other areas.
In the present case, the plasma TGF-β1 level increased nine months after medullary hemorrhage. The detection of high plasma TGF-β1 and VEGF levels may support the diagnosis of cavernous angioma (16) , and TGF-β1 and VEGF regulate angiogenesis. In addition, previous studies have shown that TGF-β1 and VEGF are overexpressed in cavernous angiomas (17, 18) . However, the association between TGF-β1 and the disease activity was unclear in this case.
The appearance of new lesions one and four months later confirmed the diagnosis of cavernous angioma in this case. In a Korean case report, cavernous angioma was detected three months after medullary hemorrhage (7) . Therefore, even if cavernous angiomas are not diagnosed on the initial MRI examination, follow-up MRI is required to detect the de novo appearance or progression to typical cavernous angioma in patients with medullary hemorrhage.
